1 H NMR and 13 C NMR spectra were performed in the appropriate deuterated solvents with tetramethylsilane as internal standard on a Bruker Advance spectrometer at 400 MHz ( 1 H) and 100 MHz ( 13 C); chemical shifts (δ) are reported in parts per million.
Synthesis and characterization
All starting materials were purchased from Sigma-Aldrich, Acros and Alfa Aesar and used as received without further purification. Analytical thin layer chromatography (TLC) was performed on silica gel 60-F254 (Merck) plates and detected under UV lamp. Column chromatography was performed on silica gel 60 (Aldrich). S,S′-[1,4-phenylenebis(2,1-ethynediyl-4,1-phenylene)]bis(thioacetate) (1) was purchased from Aldrich Chemical Co. and used as recieved.
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Synthesis of 1,4-bis((4-(methylthio)phenyl)ethynyl)benzene (2)
The synthesis of 1,4-bis((4-(methylthio)phenyl)ethynyl)benzene (2) was achieved by means of palladiummediated cross-coupling reactions of 1-bromo-4-methylthiobenzene (b) with 1,4-bis((trimethylsilyl)ethynyl)benzene (c) as shown in Scheme S1.
Scheme S1: Synthesis of 1,4-bis((4-(methylthio)phenyl)ethynyl)benzene (2). Reagents and conditions: a) n-BuLi, MeSSMe, Et 2 O; b) Pd(PPh 3 ) 2 Cl 2 , CuI, DBU, THF, H 2 O.
1-bromo-4-methylthiobenzene (b) [S1]
. n-BuLi (2.5 M in hexane, 4.6 mL, 0.01 mol) was added dropwise to a stirred solution of 1,4-dibromobenzene (2.5 g, 0.01 mol) in dry Et 2 O (20 mL) at -78 °C. After stirring at -78 °C for 45 min under Argon, dimethyldisulfide (1.05 mL, 0.01 mol) in dry Et 2 O (4 mL) was added.
The reaction mixture was stirred at -78 °C for 2 h and allowed warm to -35 °C over 2 h. After that the reaction mixture was poured into a mixture of NH 4 Cl in ice. The organic phase was separated, the aqueous phase was re-extracted with Et 2 O, and the combined organic phase was washed with saturated solution of NaCl, dried over MgSO 4 . The solvent was removed under vacuum. The crude product was purified by silica gel column chromatography (petroleum ether) to afford 1.4g (6.9 mmol, 63%) of 1-bromo-4- 
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Self breaking of a gold wire
We performed self-breaking measurements on a bare gold sample, using the same technique as described in the main text and shown in Figure 5 for molecules 1-4. Figure S2a shows five examples of time traces measured on bare gold in the self-breaking regime, without driving the electrodes. Figure S2b reports the conductance histogram built from 70 of such conductance-time traces. Figure S2c shows the extracted conductance and lifetime of the bare gold junctions. These plots indicate that a bare gold sample has on average a shorter lifetime than a molecular junction, when measured in the self-breaking regime. The largest lifetime observed for a gold junction is less than 30 seconds while for junctions formed with molecules 1-4 the lifetime can exceed 10000 seconds in some cases. Table S1 . Figure S4 : Histograms of the level alignment extracted by fitting the I-Vs of molecules 1-4 to the singlelevel model. The red lines are fits to log-normal distributions; the fitting parameters are given in Table S2 . Table S1 : Fitting parameters of the electronic coupling distributions reported in Figure S3 . Figure S4 . Figure S6 shows the transmission calculated from DFT for junctions with molecules 1-4 as solid lines. The geometries are shown in Figure S7 , with the molecules fully extended between the electrodes. The transmission of each molecule, calculated by applying DFT+Σ corrections, is shifted along the energy axis in order to match the level alignment found in the experimental I-Vs. Table S3 summarizes the Fermi energy shift in the four cases. The two-dimensional colour-maps in Figure S6 Table S3 : Single-level model parameters extracted from the DFT transmissions. 
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